Objective. To examine the relationship between cost and quality in Veterans Health Administration (VA) nursing homes (called Community Living Centers, CLCs) using longitudinal data. Data Sources/Study Setting. One hundred and thirty CLCs over 13 quarters (from FY2009 to FY2012) were studied. Costs, resident days, and resident severity (RUGs score) were obtained from the VA Managerial Cost Accounting System. Clinical quality measures were obtained from the Minimum Data Set, and resident-centered care (RCC) was measured using the Artifacts of Culture Change Tool. Study Design. We used a generalized estimating equation model with facilities included as fixed effects to examine the relationship between total cost and quality after controlling for resident days and severity. The model included linear and squared terms for all independent variables and interactions with resident days. Principal Findings. With the exception of RCC, all other variables had a statistically significant relationship with total costs. For most poorer performing smaller facilities (lower size quartile), improvements in quality were associated with higher costs. For most larger facilities, improvements in quality were associated with lower costs. Conclusions. The relationship between cost and quality depends on facility size and current level of performance. Key Words. Cost-quality tradeoff, composite quality measures, nursing home costs, nursing home outcomes Increasing health care expenditures or costs across most of our health care delivery system and concerns about health care quality have given new importance to understanding the relationship between costs and quality. However,
the nature of the relationship differs by the context and structure of the different system components. In this study, we investigate the nursing home care environment. In this context, as in many others, different conceptual models lead to different hypotheses about the nature of the relationship. As pointed out by Weech-Maldonado, Shea, and Mor (2006) , a model that emphasizes structural measures, for example, increased staffing levels and increased use of medical technology, hypothesizes that higher costs are necessary to achieve higher quality (Newhouse 1970) ; a model grounded in the quality management philosophy hypothesizes that well-designed processes with minimal waste lead to both lower costs and better quality (conceptualized as fewer "defects") (Berwick and Finkelstein 2010) . These different models have important policy implications and will apply differently in particular treatment environments. If higher spending is necessary to achieve higher quality, resources might justifiably be directed at those providers with the poorest quality. If both higher quality and lower costs follow from redesigned processes and other types of quality improvement, resources should be used to incentivize and support improvement activities.
Following a systematic review of the association between health care quality and cost across different types of providers, Hussey, Wertheimer, and Mehrotra (2013) concluded "Evidence of the direction of association between health care cost and quality is inconsistent. Most studies have found that the association between cost and quality is small to moderate, regardless of whether the direction is positive [higher costs are associated with higher quality] or negative [higher quality is associated with lower costs]" (p. 27) .
In this study, we consider the relationship between cost and quality in the context of Veterans Health Administration (VA) nursing homes. As summarized in what follows, Hussey, Wertheimer, and Mehrotra's (2013) findings about the relationship in nursing homes mirror their overall findings. Anderson, Hsieh, and Su (1998) , based on cost and quality data from 494 nursing homes in Texas, found that nursing homes with the best outcomes (measured by a composite of 11 resident outcomes) had 7 percent higher costs per resident day than nursing homes with the lowest cost per day. Mukamel and Spector (2000) looked at the relationship between costs and quality in over 500 free-standing private and public nursing homes in New York State using cost and quality data from 1991 to 1992. Quality was measured using three risk-adjusted outcomes: decline in functional status, worsening pressure ulcers, and mortality. In general, they found an inverted U-shaped relationship between costs and quality: at lower levels of quality, quality improvements added to costs; at higher levels of quality, quality improvements reduced costs. Weech-Maldonado, Neff, and Mor (2003) analyzed 1996 cost and quality data from 781 nursing homes in five states. They found that higher outcome quality (lower values of an index comprised of pressure ulcer prevalence, worsening pressure ulcers, cognitive decline, and mood decline) was associated with lower costs. However, there was no direct relationship between a process quality index (created from prevalence of physical restraint and catheter use) and costs. Hicks et al. (2004) , using 1999 data on all certified nursing homes in Missouri, examined four risk-adjusted quality indicators: decline in ADLs (activities of daily living), development of pressure ulcers, weight loss, and psychotropic drug use. For ADL decline and weight loss, the authors also found a U-shaped curve, but it was not inverted: at lower levels of quality, quality improvements reduced costs; at higher levels, quality improvements added to costs. Weech-Maldonado, Shea, and Mor (2006) analyzed data from the mid-1990s on 749 nursing homes in five states and considered two outcome measures: pressure ulcer worsening and mood decline. As seems appropriate given the conflicting findings of Mukamel and Spector (2000) and Hicks et al. (2004), Weech-Maldonado, Shea, and Mor (2006) found an inverted U-shaped relationship for pressure ulcers, but the opposite pattern for mood decline, although in both cases, the shape of the curve at lower quality levels was much flatter (particularly for mood decline) than suggested by the earlier literature. It is noteworthy that these studies use data that are now quite old and that results are based upon cross-sectional analyses.
In our study, we used 13 quarters of data from fiscal year (FY) 2009 through FY 2012 to examine the relationship between costs and quality in 130 Veterans Health Administration (VA) nursing homes, called community living centers (CLCs) by the VA. The VA is the largest integrated health care system in the United States and has a state-of-the-art electronic health record system (Spetz, Burgess, and Phibbs 2012) and a bottom-up activity-based costing system (Carey and Burgess 2000) . Although in a government-run system, there are not the types of incentives to reduce cost that exist in non-VA nursing homes, budgetary pressures to reduce annual costs are still imposed by the capitated resource allocation system (Yaisawarng and Burgess 2006) . More important, there is a strong culture, driven by the mission of the VA to honor its debt to veterans, to provide high-quality cost-effective care (Kizer and Dudley 2009) . Our study includes both traditional medically oriented measures of nursing home quality (the number of different types of unfavorable events) and more broad-based measures that focus on resident quality of life and resident-centered care (RCC). In addition, we used a longitudinal model that estimates overall results about the cost-quality relationship from the relationship between cost and quality within facilities over time. This approach reduces the impact of confounding factors that plague cross-sectional analyses.
METHODS
In what follows, we discuss how we operationalize four general concepts important when considering the quality/cost relationship in a nursing home environment and then describe the model used to link cost and quality. First, quality has a clinically oriented multidimensional aspect that is assessed through an accepted and validated periodic measurement tool. However, perhaps the most essential aspect of the nursing home environment over other health care settings is that the patient also is a resident. We use an established tool to measure aspects of resident-centered care. Third, as we are interested in costs, we use a validated case mix classification system based on resource needs. Finally, we measure costs employing the strengths of the VA detailed bottom-up costing methodology.
Clinically Oriented Quality Measures
As part of efforts to ensure that nursing home residents receive high-quality care, the federal government requires Medicare reimbursed nursing homes to undertake assessments of long-stay residents (those staying over 90 days) using the Resident Assessment Instrument (RAI) and to develop care plans based on these assessments. Full assessments are carried out yearly or when there is a significant change in resident status; partial assessments are carried out quarterly. Data from the RAI are referred to as the Minimum Data Set (MDS). A set of 24 quality indicators (QIs), which measures unfavorable events (e.g., falls) or patient states (e.g., depression), has been developed from the MDS data to measure the quality of nursing home care (Zimmerman 2003) . Four of the QIs are stratified into high-and low-risk categories,
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HSR: Health Services Research 53:5, Part I (October 2018) resulting in a total of 28 QIs (see Supplemental Material, Table 1 ). These indicators are provided to each non-VA nursing home and are used by regulators as part of the certification process (Castle and Ferguson 2010) . The VA also monitors these 28 indicators and sends monthly reports to each facility. It is important to note that, as the MDS QIs measure unfavorable events, lower rates of the QIs indicate higher quality. We created a composite measure (Institute of Medicine, 2006) from the 28 QIs. However, similar to Sullivan et al. (2013) , we first adjusted for differences in the reliability of estimates of QI rates from facilities of varying sizes using a Bayesian hierarchical model (i.e., a multivariate normal-binomial model) to calculate "shrunken" rates of each QI at each facility for each month. Shwartz et al. (2013) have shown that MDS QI data are consistent with this model and that the "shrunken" rates calculated from the model are better predictors of the next year's observed rates than the current year's observed rates.
We combined the 28 "shrunken" QI rates at each facility for each month into a composite measure using facility-specific opportunity-based weights, the approach used by the Centers for Medicare & Medicaid Services (CMS) in its initial pay-for-performance program (Kahn et al. 2006 ). This approach treats the impact of the adverse event measured by each QI as equally important (Shwartz, Restuccia, and Rosen 2015) . The resulting composite can be thought of as the adjusted probability that an average resident experiences a QI event. Because the MDS indicators traditionally are used as measures of nursing home quality, we refer to the MDS-based composite measure as the "quality score" (QS). We calculated a quarterly QS as the average of the QSs in the 3 months comprising each quarter.
Resident-Centered Care
The Omnibus Budget Reconciliation Act in 1987 created incentives for nursing homes to provide care more consistent with a medical model, one that emphasized standardization, safety, and clinical quality (White-Chu et al. 2009 ). However, beginning in the mid-90s, a number of nursing homes began to implement various culture change models that emphasized resident-centered care (RCC). These models involved shifting the care paradigm to promote resident quality of life and resident self-direction, in particular, more individualized care, transformed physical environments, and changed staff roles (Ronch 2003; Rahman and Schnelle 2008) . The VA implemented RCC in 2005 and, as part of this initiative, renamed its nursing homes to Community Living Centers (CLCs). The Artifacts of Culture Change Tool, which was developed by CMS in 2001 (Bowman and Schoeneman 2006), is used by the VA to measure changes over time in the extent of RCC implementation in CLCs. It is completed quarterly by each facility. Beginning with the last assessments in FY 2010, VA began to use an automated version of the Artifacts Tools to be consistent with CMS (see Sullivan et al. 2013 ). However, the VA only selected artifacts which were applicable to the VA. For the purposes of this study, we re-scored the Artifacts responses from the end of FY10 to FY12 to be consistent with the scoring approach used by VA in the prior years.
The tool has six domain scores: care practices (45 points), workplace processes (55 points), environment (180 points), leadership (25 points), family and community (30 points), and outcomes such as longevity and turnover (20 points). The domain scores are summed together to create a total Artifacts score (up to 355 points). Data from the 4th quarter of FY2009 and the 2nd and 4th quarter of FY2010 were unavailable, most likely due to internal changes in staffing at VA central office during those periods. We imputed the total Artifacts Total Score for the three missing quarters as the average of the quarter that preceded and followed the missing quarter. We refer to the Artifacts score as the "RCC score." It is worth noting that the RCC score is a formal performance measure in the VA, and CLC directors' incentive payments are influenced by the extent of increase in the score from year to year.
Resident Severity: Resource Utilization Groups
Resource Utilization Groups (RUGs) are a case mix classification system for nursing home residents. Using MDS data, residents are placed into one of a number of different categories based on their expected resource use (Fries et al. 1994) . Over the years since RUGs were introduced, a number of different versions have been developed. At the time of our study, the VA was using the 53-RUG-III system (the maximum score assigned to any of the 39 categories is 53) that went into effect in January 2006 for Medicare payment to skilled nursing homes.
Measuring Cost
The VA uses a bottom-up Management Cost Accounting System for resource allocation and management (Carey and Burgess 2000) . This system allocates all fixed and variable costs within a department to intermediate products, which are then mapped into intermediate product departments (laboratory, nursing, pharmacy, radiology, surgery, and other) and aggregated to determine the costs of patient encounters. On average, about half of the costs are nursing, which are allocated using bed days of care as the intermediate product. These costs vary according to the pay of nurses. The Nurse Locality Pay System established under the VA Nurse Pay Act of 1990 sets RN wages based on wages in non-VA facilities in the same labor market (Staiger, Spetz, and Phibbs 2010) . Therefore, we adjusted nursing costs using the RN average salary index to take account of these differences in input prices. We refer to the adjusted total costs as "total costs."
Analysis
The data consist of the following variables for each of the 130 facilities for 13 quarters: total costs, patient days, quality score (QS), RCC score, and severity score. To examine the relationship between cost and quality, we ran a generalized estimating equation (GEE) model with an autoregressive (1) correlation structure, a log link, and a gamma distribution (Zeger, Liang, and Albert 1988) . Total costs for each quarter at each facility were the dependent variables, and the quality scores for each quarter at each facility were the independent variables of primary interest. Covariates were quarterly patient days and severity score. Facility was treated as a fixed effect.
To evaluate the possibility of a nonlinear relationship between the independent variables and total cost and that the impact of the variables might Cost and Quality in VA CLCsdepend on facility size, we ran the model with both linear and squared terms for the independent variables and an interaction between patient days and both the linear and squared terms. The modified Park test suggested the Poisson distribution might be a reasonable alternative to the gamma distribution. However, because the GEE model with a Poisson distribution did not converge, we used the gamma distribution.
All analyses were performed using SAS, version 9.4 (SAS Institute, Cary, NC, USA). This study was approved by VA's Central Institutional Review Board. Table 1 shows descriptive statistics for total costs, resident days, severity score, RCC score, and QS. The top part of the table shows variation of individual values of the variables. This variation reflects both variation across facilities and variation within facilities over time. The lowest QS in the database was 0.07 and the highest 0.27. The bottom part of the table shows variation of facility-level averages, where the averaging was performed over quarters within facilities. The highest performing facility in terms of quality had a QS of 0.08 (since the QS measures unfavorable events, lower scores are better) and the lowest performer a score of 0.21. Table 2 shows, for each of the variables, trends across fiscal year, holding quarter constant, and trends across quarter, holding fiscal year constant. There were striking declines in costs, days, and severity over the course of a fiscal year. This trend was not consistent across all facilities, but it occurred in a large enough number to drive the overall trends. The reasons for this are not entirely clear, but they probably relate in part to the way the accounting system measures cost differences across services, which in practice does vary somewhat across sites. Also, in many facilities, budget allocations are made at the start of the fiscal year. As sicker long-stay residents either die or are moved into private sector nursing homes (most VA medical centers, in addition to having their own CLC, contract with the private sector for additional nursing home beds), beds are increasingly filled by short-stay residents (for whom MDS assessments are not performed and who are not included in our analysis) in order for the facility to maintain budget flexibility. The decline in severity over the course of a year is consistent with this hypothesis. Holding quarter constant, costs increased slightly over the fiscal years, with the exception of the third quarter where there was a slight drop, and days decreased consistently across the fiscal years. In general, severity decreased over the fiscal years, which may reflect the increasing use of contract beds for the sicker long-stay residents. As noted, a new automated system to collect Artifacts data was implemented in the last quarter of FY10 and the lower RCC scores in that period and the first three quarters of FY2011 probably reflect a time in which facilities were becoming familiar with the new scoring system. Aside from that period, there was a consistent increase in RCC scores both over quarters within years and over years within quarter. As noted, as RCC score is a formal incentive measure, increases in this score were not surprising. There were no trends either across quarter or fiscal year in the QS. Table 3 , upper right quadrant, shows the correlations among the variables. All of the variables had a statistically significant correlation with costs (p < .05). Not surprisingly, there was a very high correlation between costs and resident days (r = 0.96). As expected, severity was positively correlated with costs (r = 0.16), as was the RCC score, although the correlation was low (r = 0.06). The QS was negatively correlated with cost (r = À0.19), indicating that improved clinical quality (i.e., a lower QS, as the score measures unfavorable events) was associated with higher costs. Larger facilities, that is, those with more resident days, tended to have a more severe case mix (r = 0.13) and higher clinical quality (r = À0.24). And higher levels of RCC care were associated with higher quality (r = À0.08). The lower left quadrant of the table shows correlations among facility-level averages. The negative correlation between QS and cost (À0.30) and between QS and days (À0.34) was stronger than when individual values of the variables were considered. At the facility level, the correlation between RCC and the QS was not statistically significant. When we initially ran the GEE model, none of the terms that involved RCC were statistically significant. We then ran the model a second time including only the main effect for RCC, but it was still not statistically significant. Hence, we dropped RCC from the model. Table 4 shows the parameter estimates of the final GEE model. The statistical significance of the interaction terms indicates the importance of the size of the facility when examining the relationship between cost and quality. To portray these relationships, we divided facilities into quartiles based on resident days (see Supplemental Material, Table 2 for descriptive statistics on the variables by resident day quartile). In Figure 1(a-d) , we show the relationship between cost and quality for each quartile. For these runs, we used the median resident days and severity score for facilities in the quartile. The range of the quality score in the figures is from the minimum score to the maximum score of facilities in the quartile. To the extent median values are representative of the facilities in the quartile, one can conclude from these figures that for most of the smaller 25 percent of the facilities, improvements in quality were associated with higher costs; however, for most of the other 75 percent of the facilities, improvements in quality were associated with lower costs (except for the largest facilities with the very best quality scores). As the Y-axis is different in each of the figures, it is difficult to get a comparative sense of changes in cost associated with changes in quality across the quartiles. To provide some sense of the magnitude of cost changes associated with quality changes, we fit a simple linear regression model to the linear part of the cost/quality curves (eyeballed) in each quartile: 0.21 to 0.15 in quartile 1, 0.15 to 0.10 in quartile 2, 0.16 to 0.12 in quartile 3, and 0.15 to 0.11 in quartile 4. From the coefficient associated with the quality score, we estimated the change in total cost (as a percentage of median cost for facilities in the quartile) for a 0.01 improvement in quality score. In quartile 1, each 0.01 improvement in quality score was associated with 6.8 percent higher costs; in quartiles 2 to 4, each 0.01 improvement in quality score was associated with a 1.1 percent, 3.5 percent and 10.0 percent reduction in total costs, respectively. In quartile 4, improvements in quality score from 0.09 to 0.07 were associated with a 4.6 percent increase in costs.
RESULTS

DISCUSSION
As noted in the Introduction, there are two models (each admittedly the extreme cases) about the relationship between cost and quality: One emphasizes the structural and major process changes that are necessary to achieve higher quality; and the other that well-designed processes can both lower costs and improve quality. These two models imply different assumptions about the direction of "causality." The first assumes that more resources are necessary to achieve higher quality; the second tends to emphasize engaging front line staff in developing improved processes that will lead to both higher quality and, by reducing waste, lower costs. (Note the quote by Hussey, Wertheimer, and Mehrotra [2013] at the end of the second paragraph of the Introduction implies this shift in direction of implied causality.) As suggested by the inconsistency in earlier studies examining cost-quality relationships in nursing homes, these two models play out differently in different environments and perhaps for different types of quality indicators. Even in our environment, the relationship is complex and varies based on facility size and level of performance. However, overall, our analyses suggest that in the VA context, for most long-term care facilities, improvements in quality were associated with lower costs. The reductions in costs are not trivial. Using the median facility as representative of the facility size quartile, a 0.01 improvement in quality score was associated with cost reductions ranging from 1.1 percent of median total costs for most facilities in the second quartile to 10.0 percent of median costs for most of the larger facilities in the fourth quartile.
In both the correlation analysis at the facility level and in the multivariate model, the relationship between RCC and cost was not statistically significant, which suggests that concerns about higher costs may not be a major impediment to RCC implementation. Also, at the facility level, there was not a strong statistical relationship between RCC and clinical quality. Sullivan et al. (2018) , using the same data set as us, examined the relationship between RCC score and quality score using a GEE model with facility treated as a fixed effect. In this model, the statistical relationship between RCC and clinical quality also was not strong (p = .22).
One of the major challenges in examining quality in long-term care facilities is the difficulty of "adequately" adjusting for differences in patient risk. As a result, some of what is attributed, for example, to an improvement in quality may be the result of a less sick case mix. The RUGs score provides some adjustment, but to a large extent, RUGs measures level of treatment provided. The problem in adjusting for case mix in long-term care facilities is that the variables one would like to use for adjustment, for example various measures of frailty, are impacted by quality. As Mor (2005, p. 344) : ". . . many nursing home measures are based on prevalence, because their residents are served for extended periods. Therefore, it is hard to identify a 'baseline' status for nursing home patients, which has not already been influenced by the quality of the nursing home. For example, being bedridden is predictive of acquiring a pressure ulcer. However, patients may become bedridden because of the inadequate mobility care earlier. Statistically controlling for this 'effect' could adjust away earlier poor care." In MDS 2.0 (which we use in this paper), some risk adjustment is performed by exclusions from the denominator and, for 4 of the 24 indicators, by stratification into a low-and high-risk groups. Even in MDS 3.0, risk adjustment using resident-level covariates is only performed for 3 of 15 QIs used for long-stay residents. Despite these concerns, the QIs for which CLC nursing home managers are held responsible (which are the same ones used in the private sector at the time of the study) are the ones we used in this paper. It is the incentives created by these measures that motivate improvements.
As noted, the VA context, in which CLCs receive fixed budget allocations and are a part of an integrated delivery system, is different than that in which most private sector nursing homes operate. Hence, the extent to which our findings can be generalized is unclear. This is a limitation of our study. However, both within the VA and private sector, there are strong pressures to deliver high-quality care as efficiently as possible across all providers within the delivery system.
A strength of the VA context is that all facilities use a common cost accounting system and there are system-wide protocols for collection and dissemination of severity, resident-centered care and MDS-based quality data. Also, our use of a composite measure derived from the individual QIs has clear advantages. A strong conceptual basis for hypothesizing quality indicator-specific relationships between cost and quality is rare in the literature, even as quality indicators have proliferated. Although post hoc, one can justify relationships seen for different QIs, a priori it is hard to make the case that the relationship should differ for specific QIs. By focusing on the relationship between cost and any QI event, we reduce the small sample problem (some indicators show one relationship and others show another) arising when examining individual indicators and focus on the average collective relationship across all indicators. Also, the Bayesian model adjusts for differences in reliability of the individual QIs resulting from differences in the size of facilities, and thus provides an improved basis for comparing rates across facilities of different sizes. Finally, our use of a fixed effects model, which derives the overall relationship between cost and quality from the individual relationships between cost and quality over time within facility, significantly reduces the impact of unobserved confounders that differ across facilities. Thus, the validity of conclusions drawn from this type of model are stronger than those drawn from cross-sectional analyses, the approach used in other studies that have examined the relationship between costs and quality in long-term care facilities (and, for that matter, in most other types of facilities). However, changes within facilities over time still can confound results.
Finally, we are strong believers in employing mixed methods and qualitative investigations to sharpen our understanding of organizational characteristics and functioning that lead to variations in performance. We are finalizing such a study in 12 CLCs. Preliminary results suggest that high-and lowperforming facilities differ on teamwork and communication, leadership support, and organizational culture (Sullivan et al. 2016) . These types of studies have the potential to identify changes and interventions for improving performance in the lower-performing facilities.
CONCLUSIONS
There was not a strong statistical relationship between cost and RCC in VA CLCs. However, the statistical relationship between cost and clinical quality was much stronger and in general indicated that quality improvements are associated with lower costs. Efforts to improve clinical quality by the approximately 25 percent of smaller poor performing CLCs are likely to require more resources. However, for larger facilities, quality improvements were associated with lower costs.
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